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Australia’s oil and gas industry is pushing new boundaries. Conditions are more challenging, chemistries more corrosive,
and wells are reaching greater depths, temperatures, and pressures.
There are new drilling technologies and stringent regulations and standards. At the same time, there are shorter timelines
and projects that involve multiple partners in different nations.
With so much to consider, we know that you need suppliers who can deliver confidence and peace of mind above all else.
This eBook looks at simple ways to improve the safety and performance of fluid systems operating in oil and gas
environments, and gives practical advice for reaching new levels of process accuracy, reliability, and efficiency.
As one organisation of many resources, local and global, Swagelok regularly consults on new construction and maintenance
and repair challenges, investigates corrosion issues, and provides recommendations for part specifications, system
designs,and assemblies.
The learnings presented here address many of the questions and concerns we commonly encounter from across Australia
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Chapter 1

STEPS TO A SAFER WORKSITE
On a rig or in a refinery, there is no greater consideration than the safety and
well-being of every member of the workforce. Swagelok looks at improving skills
and competencies, and the design of fluid systems to reduce jobsite risks.
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PROPER TRAINING:
YOUR MOST POWERFUL INSURANCE POLICY
When working on a rig or at an oil and gas facility, there’s no margin
for error. Worker safety must be the number one priority, and proper
training is a key element in ensuring everyone makes it home safely
and that your business is protected.
For this reason, oil and gas producers take training very seriously,
mandating that workers of all levels receive fluid system safety
training before setting foot on a jobsite. They know that competency
is just as important as any insurance policy when it comes to
mitigating risk and ensuring the efficiency of operations.
But what does a first-class training program look like?
We’ll break down the three elements every training program
should include.

1. The training course is only
as effective as the provider
(instructor + content + expertise).
As the adage goes, time is money, and training takes your
employees away from the task at hand. You have to be sure
that the time investment will yield returns to your operation.
And it starts with a certified training program with a qualified
instructor and the materials to teach your associates.
When looking into training programs, be sure to ask: Has the
instructor spent significant time in actual oil and gas operations?
Has he or she seen firsthand what daily life for my employees is like?

A good rule to follow is to look for instructors who have
spent time working in the field alongside engineers, mechanics,
technicians, maintenance superintendents, and operators. The
instructor should have intimate knowledge of the daily challenges
your employees face in order to provide them with useful tools
that can be applied in real life—not just in a classroom.
Experience is what can help an instructor quickly earn the
respect of your employees and keep them engaged. Equally
important are facilitation skills and effective training methods.
Great instructors will be able to offer relatable stories and
anecdotes as well as engage learners in demonstrations and
activities that can accelerate the knowledge that is taken back
and applied throughout your operations.
Trainers should also be evaluated on a regular basis by
high-level subject matter experts to assure their competence.
Ultimately, instructors who come from learning environments
and organisations focused on knowledge sharing can offer
greater insights to your business.

2.Hands-on, practical training boosts
retention and engagement.
We’ve all had those teachers. The ones who stand in front of the
room talking ad nauseam, citing references from textbooks and
never taking any real time to engage with the class. The truth is,
there’s no faster way to lose an audience than talking at students
for an entire day.
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The most effective training programs include a mix of theoretical,
classroom-style learning and practical application, meaning that
participants get to have an opportunity to engage with the subject
matter hands on. Activities and group participation are proven to
keep learners engaged and help them retain what they’ve learned
long after the training course is done.

Instructors and training facilitators should also be available after
the initial training to provide a touchpoint for employees seeking
further information or support. Often, questions arise around site
energy loss and emissions, as well as hose and safety inspections.
A real-world engineer who lives and breathes what they teach can
be a constant resource.

For the best results, look for programs that dedicate at least 30 percent
of course time to practical application and that, depending on the
subject matter, enable the instructor to spend one-on-one time with
your employees, giving them the hands-on education they desire.
The course content should also be reviewed regularly to make
sure that new lessons from the field are being considered and,
if necessary, included in the program.

The efficiency of your business and the safety of your workers are
dependent upon proper competency in all facets of your operations.
From proper installation and maintenance of components to
addressing common safety concerns, rely on your suppliers to
offer courses that help you reduce or eliminate errors and injuries.
The results for you will be smoother operations, lower downstream
costs, and higher profitability—and an added insurance policy that you
are doing everything you can to mitigate risks to your employees.

3. Learning must continue once
the course is over.
Effective training is not one day and done. It is a continuous process.
Your employees should walk away with materials, such as workbooks,
tip sheets, and manuals that can be referred to in the field. They should
also have the opportunity to continue their learning outside of the
training room on their own time. Great training programs can be
augmented by shorter online learning courses on very specific
topics that will help them be safer and more efficient on the job.
It’s also important to note that technology, challenges, and opportunities
evolve, so retraining and refreshment are critical. Large oil and gas
producers send their workers back to the classroom about every three
years so they are armed with the latest knowledge to keep operations
running smoothly and safely.

Don’t settle for anything but the best. Make sure your training
courses include all four components of a successful training
program to maximise your time and investment: 1) experienced
instructors; 2) subject matter expertise and high-quality content;
3) a mix of classroom and hands-on learning; and 4) workbooks
and reference tools that can be used in the field.
Ultimately, proper training and education provide consistency to
your operations. Quality content and expert instruction can help
employees work safer and smarter around the clock, saving time
and reducing costs.

?

What to ask when
evaluating training programs:

Is the course being offered by an organisation with
a reputation for quality and training, and with expertise
in the subject matter?
Does the instructor have field experience?

Has the instructor received extensive facilitator
training from an accredited organisation or
reputable supplier?

Does the instructor have skills to teach employees
at various skill levels and with various learning styles?
Does the instructor have the technical aptitude
to work with engineers and other skilled workers?
Does the course include a mix of theoretical
and practical training techniques?

What tools will be provided for ongoing learning
and reference at the end of the course?
Can the organisation customise a program
at my location based on our particular needs?
Can the organisation provide testimonials and
references from past training participants?
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HOW SWAGELOK CAN HELP
Swagelok Australia provides training that aligns with specific customer
needs and concerns. Hands-on, safety-focused sessions are led by
renowned experts, and participants gain an advanced understanding of
processes that can enhance workplace safety and productivity.

CHALLENGE

SOLUTION

Specific training to suit
your requirements

Specialised
Lunch & Learns
Tube Fitting Essentials,
Inspection, Bending &
Safety Training

Mastering fluid
system fundamentals

Validating pressure
tubing installations

Verification &
Inspection Training

Handling higher
pressures

Medium- & High-Pressure
Cone & Thread Training
Process Analyser Sampling
Systems (PASS) & Sampling
System Maintenance (SSM)
Training

Improving sampling
system accuracy

Eliminating costly
corrosion

Material Selection
Workshops

Self-paced courses to
meet workforce needs

Swagelok® University
Online Training

Click for further course details:
Western Australia

South Australia

Northern Territory

Victoria

Queensland

New South Wales

New Zealand
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DESIGN TO AVOID DANGER:
8 STEPS FOR BUILDING SAFER FLUID SYSTEMS
The oil and gas industry is inherently complex and only
becoming more complicated. Today there are deeper wells, new
drilling techniques, and more sub-sea equipment and controls,
together with higher temperatures and pressures in more corrosive
environments. There also are increased health, safety, and
environmental concerns as well as more demanding standards,
regulations, and other forms of liability.
Where seizing opportunity means assuming more risk, how can oil
and gas operators minimise safety concerns for rig, refinery, and
plant personnel?
When it comes to the reliable operation of fluid systems, there is
a real answer: Safe working conditions start with careful design
considerations. Before you replace parts or put a completely new
system in place, brush up on these best practices…
As a provider of fluid system components and training, Swagelok understands
the pain customers feel when downtime, lost revenue and legal responsibilities
add up due to inattention to details.
Strict adherence to design standards and documented procedures can go a
long way towards preventing costly errors, data shows. According to the
2015 NOPSEMA Annual Offshore Performance Report, in fact, issues
with equipment design were cited as the most common basic cause
(20%) of OHS reported incidents in 2014, followed by preventive
maintenance (15%) and procedural failures (14%).

1. Never mix components from
different manufacturers.
Leak-tight seals that will withstand high pressure, vibration,
vacuum, and temperature changes depend on exacting tolerances,
meticulous quality control, and time-tested design principles.
Though components from different suppliers may look alike,
there is no assurance they are manufactured to the same
rigorous standards, meaning they may not perform properly
when used with other manufacturers’ components.

2. Choose your alloys carefully.
Material chemistry is a major consideration in most oil and gas
environments, particularly on offshore platforms. Component
compatibility, if not controlled properly, can result in serious
issues, including Chloride Stress Corrosion Cracking (crack
formation in pipework and tubing in a chloride-rich environment
with costly, even disastrous results).
Numerous alloys have been used or have presented themselves
as candidates for use in installations that require resistance to
seawater corrosion. The most frequently used alloys have been
the 300-series austenitic stainless steels, mainly 316 and in some
cases 317. Alloys with at least 6% molybdenum, the so-called
“6-moly” alloys, have performed well in offshore systems.
Typical 6-moly alloys include 254SMO, AL6XN and 25-6Mo.
More recently, alloys with slightly more than 6% molybdenum
have been introduced: 654SMO, AL6XN Plus, 27-7Mo and
31. The published properties of these alloys suggest that they
would perform well in chloride environments. Meanwhile, nickel
alloys such as 825, 625 and C-276 are more frequently used
for their performance in sour gas applications.
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3. Minimise opportunities for mistakes.
Consider how better labeling and safety-minded system design can
reduce opportunities for mistakes to happen. For instance, be sure
to place tags on your equipment to indicate what an operator
is viewing. Try to colour-code
handles, tubing, and pipe to make
it clear at a glance what types of
fluids or gases are flowing through
them, even in processes where
hydrocarbons are not present. Also
take care to orient components in a
way that avoids accidental contact
with moving objects or people
passing by.

Also important is knowing the difference between similar-sounding
parts and being precise when deciding which to use. For instance,
a safety valve (which opens fully at a set pressure) is not the same
as a relief valve (which opens gradually as pressure increases).
While these terms might sound similar, always be sure to
understand exactly which part to use.

5. Remove complexity wherever you can.

4. Only use ideal materials for the job.
It may be tempting to make a price-based decision, but where
the stakes are highest it is rarely worth the risk, and you should
only rely on products with a proven reputation. The market has
become saturated with counterfeit and substandard inventory that
can harm your operation. Only purchase through trusted partners
and authorised channels.

Reduce system complexity where possible to minimise potential
complications, and never stop looking for opportunities to make
improvements. Simplifying systems also
helps down the line, as it will be easier to
troubleshoot problems when there are
not as many components to analyse.
Consult an expert who can make
recommendations for making fewer
connections. Ultimately, this reduces
the number of parts that could
potentially fail.

HEAR FROM OUR EXPERTS

Why do the little things make a big difference? Consider these events reported by Swagelok experts in the field:
Tubing Blowout

In one Australian power station, failure
to correctly install fittings according
to manufacturer guidelines resulted in
a piece of tubing blowing out during
testing, striking a bystander in the
chest. Had the tubing struck higher,
the injury may have been fatal.

Line Blowout

In a separate incident,
a condensate line blew
out, and pressurised fluid was
injected into the operator’s hand.
The reason? Components had
not been installed correctly.

System Failure

Failures have also come
about as a result of system
fatigue when tubing or tube
fittings are not installed
correctly or when the tubing
is not appropriately supported.

*Noted incidents did not involve Swagelok tube fittings or other components prior to engineering a more effective solution for the customer

Chapter 1 · DESIGN TO AVOID DANGER
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6. 	Always follow manufacturer
instructions carefully.
Failure to follow documented assembly and disassembly
procedures might seem like a minor mistake but it can lead to
major consequences. Common errors include:
•

Undertightening fittings, creating opportunities for leaks and blowouts
	

•

Overtightening fittings, limiting the potential number of remakes

•

	 ensuring tubing rests firmly on the shoulder of the tube fitting body
Not
before tightening

•

	 following proper protocols for tube insertion depth
Not
or not “bottoming out” the tube

•

	 to properly check tubes for ovality, defects or
Failing
scratches that can compromise a seal

For installation best practices and the most comprehensive tube fitting
guidelines you will find, refer to Swagelok’s Tube Fitter’s Manual.

7. Factor for vibration and motion
in your designs.
When assembling a de-energised system (something you
must always do, as working on a pressurised system is
highly dangerous), it can be easy to forget about the effects
of machine vibration.
Be sure you have the proper supports in place to ensure
tubing and fittings will not be unduly fatigued or dislodged
during high-pressure usage. The constant strain placed on a
system by vibration can also gradually wear away at connection
points, so specifying proper materials from the start and
allowing for a proper range of motion are important.

In some circumstances, switching to hose can eliminate
certain vibration concerns. Keep in mind, however, that hoses
can wear quickly and will need to be replaced over time. Some
elastomers also have a limited shelf life—know the age of the
hose you will be installing.

8. Account for material hardness when
making tube systems.
It is important that component materials be compatible with each
other and will have the appropriate hardness to stay connected.
Metal tubing materials should be softer than fitting materials to
allow the fitting to grip and collet the tube well.
When fluid systems perform flawlessly day after day, it is easy to
forget the dangers even one improperly installed component can
present. Keeping best practices in mind will keep your operation
on guard. These steps sound simple but are often overlooked.
There are many ways to design for safety, and with extra care,
you can avoid unexpected issues.

Buyers Turn to Swagelok
for Nonstandard Support.
The level of support provided by Swagelok
to our combined cycle power plant project
in Darwin has been outstanding.

”

”

As a customer, we require the supply of large volumes of
nonstandard products in short periods of time. Swagelok is
able to successfully meet our needs through the effective
coordination of personnel and resources located both in
Australia and the United States.

Throughout the execution phase, Swagelok was
proactive in providing reliable delivery information, which
allowed us to plan and prioritise our site-based activities.
Furthermore, the quality of supporting documentation,
after-sales support, and training has been very high.

”

— Greg Williamson, Senior Buyer
CH2-UGL Joint Venture, Ichthys Onshore LNG Facilities, CCPP Project
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3 MAINTENANCE REMINDERS
According to the 2015 NOPSEMA Annual Offshore Performance
Report, anecdotal evidence suggests maintenance performance
tends to decline in the oil and gas industry starting four to six
months after a major drop in oil prices. Notable in that the market
is still recovering from a recent sharp decline, now is an especially
good time for oil and gas operators to make sure their maintenance
practices are sound.

1. Have a well-developed plan.
Having a comprehensive plan for maintenance means embracing a
preventive approach and becoming more aware of potential problem
areas, component fatigue and the ways in which your fluid systems could
be improved. A pre-emptive strategy is also important for safety because
it increases the likelihood of identifying hazards early on that could result
in an accident.

2. Approach system reassembly carefully.
While tube fittings generally do not require maintenance, they often are
removed in order to access other parts of a system. That said, the more
you can avoid unnecessary disassembly of fittings (whether in use or
not), the better off you will be. To avoid problems, always be sure to:
• Adhere to proper disassembly procedures when taking apart a tube
and fitting system
• Protect tube and fittings from contamination and damage during
maintenance to avoid problems once the system is reassembled
• Carefully follow reassembly instructions
• Ensure no intermixing of components from different manufacturers

3. Give leaks the attention they deserve.
Stop ignoring leaks. In non-hydrocarbon process systems, leaks are
often classified as “nonessential” problems. Leaking steam, water, or
nitrogen may not always pose an immediate danger, but over time it can
lead to safety incidents, environmental degradation, and system damage.
A site audit by a qualified expert can identify areas for improvement.
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EXPERT ADVICE: PREVENTING HOSE FAILURES
Ben Goldsack is a Hose Advisory Services
specialist for Swagelok Australia. His advice to
customers? Spend more time thinking about one
of the most overlooked (and potentially costly)
areas of oil and gas operations—hose assemblies.
Below, Ben shares five key observations from his
experiences in the field:

1. Hoses don’t get the attention they deserve.

4. The risks are real.

5. It’s easy to make improvements.

Risks posed by hoses are a very common thing, unfortunately. Steam
can be invisible, high-pressure fluids can shoot out, and dangerous
gases can be inhaled by anyone walking by where a hose has failed.
Hoses assembled on-site by mobile suppliers often are not pressure
tested prior to installation, and, consequentially, they may pose a real
safety risk. When you think of the potential consequences of failure,
you see why customers rely on superior quality for hose.

Fundamental training should be undertaken every few years
to give staff an awareness of correct procedures for hose
installation and maintenance. Engineers and designers should
also have a high-level understanding so that potential risks
can be minimised when designing an application or system.
Following best practices from the start can proactively solve
the majority of the problems we encounter.
Customers are also looking for national support for their
products. The days of “I will use my mate down the road” are
being replaced with “I need to know what is going in and that it
is going to work 100 percent of the time.”

Hose is not a widely thought-about area of the plant. Most
customers have specifications on tubing, fittings, and valves on
pressure-containing systems and adhere to them, but hose is
rarely given the same consideration.

Because of increasing liabilities to companies, customers need
to be fully informed when selecting any pressure-containing
component—particularly hoses.

That’s alarming because hose is part of this pressure system, too,
and is one of the most likely components to fail.

2. Reconsider your requirements.
Today a lot of companies are trying to get more production from
their machines and processes, which can mean greater system
pressures, temperatures, and vibration. In such cases, hoses that
no longer meet the original design requirement should be replaced
with products rated to a higher standard.
When selecting new hose, pay close attention to the allowable
pressures and safety factor. For instance, Swagelok designs all
of its products with a 4:1 safety factor, but tests show we often far
exceed even these requirements.

3. Failures cost more than you think.
Not only can costs add up over time, but a hose leak or break
can cost you tens or hundreds of thousands of dollars at once.
One leak was costing a company $125,000 AUD an hour in fluid
loss. Our inspection discovered the source of the leak, and we
found a way to keep it from happening again.

End-Connection Damage

Excessive Cover
Damage

Kinking Damage

Oil rigs and refineries are hazardous environments for hoses—heavy equipment and
moving parts can damage assemblies and end-connections, leading to costly leakage
and putting people at risk.

Simple steps to simplify hoses:
1. Organise a meeting to discuss your current hose usage on-site.
Together, you and your trusted supplier can formulate a plan of attack and determine if a site audit is needed.
2. S
 et a preventive maintenance schedule.
By monitoring hoses and forecasting their future life, companies can reduce the risk of injury and downtime. Work with your supplier
to determine the ideal time to replace hoses pre-emptively.
3. S
 tandardise on fewer selections.
Customers often have multiple applications where the same hose can be used, but they are unaware of it. By standardising sizes, lengths, and
end-connections across your operation, it is possible to greatly reduce the number of critical spares needed and lower your costs at the same time.
An on-site audit is the place to start.

Chapter 2 · TAKING BACK TIME
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Chapter 2

TAKING BACK TIME
Faulty fluid systems consume financial resources and the time and attention
of technicians needed elsewhere. Swagelok shares advice for engineering
a more efficient operation, from improved maintenance practices to making
systems smarter.

Chapter 2 · THE LOWDOWN ON LEAKAGE
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THE LOWDOWN ON LEAKAGE
COMMON COSTS AND CAUSES

Leakage is a serious consideration
in the reliable performance of fluid
systems—even the smallest leaks
can cost facilities thousands of
dollars a year! In fact, leakage
millions of litres
costs industry billions
are wasted each year
(1 litre of hydraulic fluid ≈ $5 AUD)
annually.

LOST
FLUID

MOST LEAKS AREN’T THE RESULT OF SUB-STANDARD PARTS BUT
HUMAN ERROR. CHOOSING THE RIGHT COMPONENTS AND INSTALLING
THEM CORRECTLY CAN SAVE TREMENDOUS TIME AND COST.

3 COMMON CAUSES OF LEAKAGE
1. Unreliable metal-to-metal seals

LOST
PRODUCTION

EQUIPMENT
DAMAGE

especially important in offshore oil
where laws already limit production
to a specific number of days per month

loss of lubrication can lead to
premature wear/machine failure

OFF-SPECIFICATION PRODUCT

can be produced inadvertently due to improperly calibrated or operating
instruments; material must be reworked, sold at reduced price, or disposed of

DEGRADED
WORK
ENVIRONMENT

oil drippage can cause accidents; emissions
can be expensive, dangerous—even illegal

FINES FOR
NONCOMPLIANCE
systems and equipment that
violate validated processes
can quickly become costly

CLEANUP

it takes time to locate and repair leaks; some call
for special teams to manage toxic chemicals;
there’s also the cost of shutting down a
system to thoroughly clean it

5x

If a hydraulic fitting leaks

Studies show
the total replacement cost
		
of hydraulic fluid
		
can be

of filling the system

2. Improperly installed tube fittings 3. Poor tubing selection/preparation

THE
INITIAL
COST

At $5 AUD
per litre, that’s

6 drops of fluid

per minute,
each drop a half a millilitre,

the fitting will leak

half a litre
over 24 hours

15 litres
over a month

180 litres
over a year!

$

900
annually

in make-up fluid
alone—per leak!
Consider: There can be more
than 10,000 connection
points—and potential leak
paths—at a single site.
Stopping leaks can mean
significant savings.
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KNOW YOUR LEAKS
Where safety and operating costs are paramount, even one leak in a
system is too many. When maintaining fluid systems, remember:
• Making
	
highly reliable metal-to-metal seals is a difficult task—follow
manufacturer guidelines precisely
• Leaks
	
occur most often in valves and connectors because they are
the most prevalent components in facilities

TYPES OF LEAKS
Real leak

When a pressure barrier fails to contain or isolate
a system fluid from the surrounding environment
(result of cracks or gaps between sealing surfaces
or permeation through seal materials).

• A
	 good leak detection program increases worker safety and
decreases risks to your operation

Real leak

Virtual leak

When a pressure barrier fails to contain or isolate
a system fluid from the surrounding environment
(result of cracks or gaps between sealing surfaces
or permeation through seal materials.)

Virtual le

A release of inte
due to material o
material under te
fluids, entrapme

A release of internally trapped fluid into a fluid
system due to material outgassing (escape of
gas from a material under test in a vacuum),
absorbed or adsorbed fluids, entrapment in
cracks, or deadlegs.

Real leak

When a pressure barrier fails to contain or isolate
a system fluid from the surrounding environment
(result of cracks or gaps between sealing surfaces
or
permeation
seal
materials.)
The
passagethrough
of fluid
into,
through, and out

Permeation

of a
pressure barrier having no holes large enough to
permit more than a small fraction of the molecules
to pass through any one hole.

Real leak

When a pressure barrier fails to contain or isolate
a system fluid from the surrounding environment

Virtual leak

A release of internally trapped fluid into a fluid system
due to material outgassing (escape of gas from a

Virtual leak

A release of internally trapped fluid into a fluid system
due to material outgassing (escape of gas from a
material under test in a vacuum), absorbed or adsorbed
fluids, entrapment in cracks, or deadlegs.

Permeation

The passage of fluid into, through and out of a
pressure barrier having no holes large enough to

Permeation

The passage of flui
pressure barrier hav
permit more than a
pass through any o
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Click each button to learn more:

LEARN LEAK
DETECTION

BUBBLE TESTING

When testing for leaks, there are four main
nondestructive test (NDT) methods to consider.

Bubble Testing is a fast, simple, and inexpensive test that can
be done using the immersion or film solution techniques.

Advantages
• Simple, fast, inexpensive
• Fairly sensitive

Testing Methods

Methodology
The unit-under-test is pressurised to create a pressure differential.

• Especially useful for leak location
• Entire component can be evaluated at once
• Allows the observer to distinguish between real and virtual leaks

Limitations
• Cannot be used to provide a specific leak rate
• Operator-dependent
• Small leaks take longer to detect
• Unit-under-test must be cleaned or dried following testing

Leak Rate

• Restricted to tests with internal pressures 1000 PSI and below

As low as 1 x 10-5 std.cc/sec

Swagelok Australia can provide a snapshot of your facility’s performance with regard to leakage, including a report that documents:

The amount of leakage • The cost of leakage • Steps for moving forward to save money and reduce emissions
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Click each button to learn more:

LEARN LEAK
DETECTION
When testing for leaks, there are four main
nondestructive test (NDT) methods to consider.

PRESSURE LEAK
TESTING

Advantages

Testing Methods

• Good for leak location

Pressure Leak Testing is an excellent proof test that is best for
leak location. The two techniques for best results are hydrostatic
and pneumatic tests.

• Generally safe

Methodology
The unit under test is gradually pressurised with water or air to
a specified mark and held for a predetermined length of time.
Pressure is then reduced to design pressure and the unit is
observed for leakage.

Leak Rate
As low as 1 x 10 -2 std.cc/sec or less, if additives to enhance
leak detection are used.

• Excellent proof test
• Inexpensive, simple, clean

• Entire assembly can be evaluated at once

Limitations
• Dangerous if air is not completely evacuated
• Slow
• Water can temporarily seal small leaks
• Water is not very sensitive
• Cannot be used to provide a specific leak rate
• Assemblies must be cleaned and dried following testing

Swagelok Australia can provide a snapshot of your facility’s performance with regard to leakage, including a report that documents:

The amount of leakage • The cost of leakage • Steps for moving forward to save money and reduce emissions
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Click each button to learn more:

LEARN LEAK
DETECTION
When testing for leaks, there are four main
nondestructive test (NDT) methods to consider.

PRESSURE CHANGE
MEASUREMENT TESTING

Advantages

Testing Methods

• Inexpensive

Pressure Change Measurement Testing determines total leakage
in a simple, inexpensive way. The four common techniques are
pressure decay, pressure change absolute, pressure change
reference, and volume or flow measurement.

Methodology
Pressure Change Measurement Testing is based on the measurement
of change across a pressure boundary caused by leakage.

Leak Rate

• Determines total leakage
• No special tracer gas

• Simple
• Largely operator-independent
• Increased sensitivity in small-volume applications

Limitations
• Many
	
factors affect sensitivity
(especially in larger-volume applications)
• Internal volume must be known
• Cannot locate leaks

A decrease in pressure indicates leakage. The leak rate can then
be calculated and evaluated to ensure the amount of leakage is
within acceptable limits.
Pressure decay is the most commonly used technique, but it is
optimal for small systems with volumes less than 7.5 cubic feet.
Swagelok Australia can provide a snapshot of your facility’s performance with regard to leakage, including a report that documents:

The amount of leakage • The cost of leakage • Steps for moving forward to save money and reduce emissions
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Click each button to learn more:

LEARN LEAK
DETECTION
When testing for leaks, there are four main
nondestructive test (NDT) methods to consider.

MASS SPECTROMETRY
TESTING
Testing Methods
Mass Spectrometry Testing is a versatile, reliable method of
measuring leakage and locating leaks. Five techniques of Mass
Spectrometry Testing are hood, tracer probe, detector probe,
accumulation, and bell jar.

Leak Rate
Mass Spectrometry Testing is typically used to measure
specific leak rates between 1 x 10 -4 and 1 x 10 -10 std.cc/sec.
It is not used to detect leak rates larger than 1 x 10 -4.

Advantages
• A great degree of reliability and sensitivity
can be measured
• Ability to measure leakage and locate leaks

Methodology
In Mass Spectrometry Testing, a mass spectrometer is used to
measure the amount of tracer gas, usually helium, present in
the unit-under-test. To accomplish this, a pressure differential is
created between the unit-under-test and the mass spectrometer.
The presence of the tracer gas inside the mass spectrometer is
indicative of a leak.

• Clean

Limitations
• High initial costs and equipment is costly to repair
• High helium cost
• Requires a skilled operator
• Sensitive to background helium levels and outgassing
• 	Requires a comprehensive test plan when used on large
or complex systems

Swagelok Australia can provide a snapshot of your facility’s performance with regard to leakage, including a report that documents:

The amount of leakage • The cost of leakage • Steps for moving forward to save money and reduce emissions
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USE STANDARD SUBSYSTEMS TO SIMPLIFY SAMPLING
In all types of facilities where oil and gas are processed, standard
pre-engineered subsystems can bring efficiency to an operation
by simplifying the design of fluid sampling and control systems.
This also creates a fully documented system making it much
easier to acquire and assemble parts, and to ensure consistency
across facilities, across continents. Subsystems can include:

Calibration and Switching Modules

A calibration and switching module
eliminates the potential for contamination
by properly selecting process or
calibration streams. The module also
preconditions the sample so that it is
inserted into the analyser at the
appropriate pressure, temperature, flow
and filtration levels.

Fast Loop Modules

Sample Probe Modules

Field Station Modules

Grab Sample Modules

A field station module reduces gas pressure at or near the
sample extraction point. Transporting samples at lower
pressure results in faster analyser response time.

Fluid Distribution Headers

Fluid distribution headers are used as versatile manifolds
in a variety of gas and liquid applications, providing a
flow path with multiple outlets, similar to a large branch
fitting.

FOR EXAMPLE:
A STANDARD SAMPLE SYSTEM FROM SCRATCH CAN TAKE…

135
54

TOTAL PART NUMBERS

HOURS OF ASSEMBLY

Using sample probes in conjunction
with sample probe valves can improve
safety as well as sample purity and
timeliness.

Fast loop modules are used to
minimise time delays and provide fresh,
representative samples, particularly
when sample transport lines are long.

The use of a grab sample system
provides a simple, effective way to
safely collect samples and keep them in
their representative state for analysis.
Consider reducing the complexity of
your sampling system where it is
difficult to maintain an accurate result.
Preassembled subsystems are a good
start.

WHILE CREATING THE SAME SYSTEM
FROM PREMADE ASSEMBLIES TAKES JUST…

17
6

TOTAL PART NUMBERS

HOURS OF ASSEMBLY
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The right part is only the start to solving a problem. Swagelok knows real solutions
require a real understanding of what a customer needs.

Our Customer
Australia’s

APA’s gas transmission
pipelines span every state and
territory in mainland Australia,
as well as gas distribution
networks in four states.

LARGEST

natural gas
infrastructure business

Has direct operational
control over

$

19B

APA GROUP
(ASX:APA)

Asset Management
Services

1,600
employees

Deliver the following:

Energy
Assets

Investments

Third
Parties

50%
of nation’s
gas usage

of energy assets
and investments

Provides

Delivers

•
•
•
•
•
•

commercial
regulatory
government
stakeholder-related functions
day-to-day operations
maintenance

LONG-TERM

AGREEMENT
to operate Australian
Gas Networks’

gas transmission
&

distribution
assets
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The Challenge
At its Eagle Farm workshop in Brisbane, APA manufactures steel pipework for industrial metering sets and
fabricates infrastructure for expanding pipeline networks. Hydrostatic testing units are used to validate the
integrity of all materials, componentry, and welding. For APA, it is important to be able to quickly and easily
change the pressure class of the unit in order to test different classifications of pipe.
It was determined that an existing hydrostatic testing unit did not meet APA’s strict safety protocols, having
insufficient overpressure protection and an imprecise safe operating procedure (SOP). Other design flaws
also made the unit difficult to use.
After searching for a new model, but finding nothing on the market to meet its requirements, APA turned to
Swagelok Australia for suggestions on how to improve its problematic test unit.

”
I’ve been familiar with Swagelok from my many
years in the oil and gas industry. It’s difficult to
find other suppliers with that level of expertise
and willingness to jump in and learn about what
we actually require on the job.

”

!

A lot of companies sell off-the-shelf but don’t really
meet our requirements. I came to Swagelok with
some initial ideas, and they helped us determine
our pressure-relief needs and the interchangeability
of the valves that were needed on the unit. It was
a very easy process to go through.

”

—Marty Abell is Supervisor of Fabrication Services at APA’s Eagle Farm
workshop where he heads a team of live line welders and pipe fabricators.

”
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The Solution

ENHANCEMENTS
Other functional elements of the design were also taken into account with the goal of
helping APA test more accurately and reliably. A risk assessment was also conducted as
part of the process, and a new SOP was produced to allow safe operation of the unit.

&

Better ergonomic operation

APA’S
FABRICATION
TECHNICIANS

PROTECTION
INTERFACE

Code

COMPLIANT
EASY TO USE

Less complexity

Unit can be changed over

MUCH FASTER

Professionally

PRESENTED

Unit now sits waist-high, making it easier to use

Improved
overpressure

Worked together
to configure a

Simplified tube connections running in and out; no hoses to trip over

TESTING

class 150, 300
or 600 pipe

NEW
HYDROSTATIC

Redistribution of weight to trolley
Greater stability

TESTING UNIT

Ease of maintenance

”

”

What you generally get as operating instructions is a Word
document with step one, step two, step three, etc., and
having to read and interpret that against the panel or
equipment view can be difficult.

”

”

Once the unit was developed, we performed test runs
having labelled the panel with a schematic—we took what
that procedure would look like, verified what was important
to the operator, and documented a series of instructions
against the real view of the panel.

Components at the bottom of the trolley can be quickly accessed and serviced, saving APA the
trouble of sourcing special repairs; a majority of Swagelok components are APA store-stock

For APA, we prepared something new that actually
references the real view of the panel from our CAD drawing
of the hydrostatic test unit, so now it’s easy for operators to
look and quickly understand that SOP, which has also made
the training side of things much easier for our customer.

—Travis Faulkner is a Queensland University of Technology graduate and has been with Swagelok Australia East since 2006.

”

”
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The Outcome
For Marty Abell, working with
Swagelok also means simplicity and
an appreciation for the small things
that make a big difference:

APA now has a hydrostatic testing unit that is AS2885.1 compliant that can safely
test to a range of higher pressures without time-consuming conversions. This greatly
reduces the risk of over or underpressure testing assemblies and helps the
Eagle Farm workshop operate more efficiently each day.

Having made the workplace safer, Swagelok’s test unit solution was also nominated for
APA’s HSE Excellence Awards. The awards recognise instances of exceptional health,
safety, and environmental prowess from all across the company’s many business units.
For APA Group, there is nothing more important than implementing and maintaining
strategies and programs that prevent and/or reduce the consequences of harm
to its workforce of more than 1,600 individuals.

Currently, APA is considering similar improvements to other hydrostatic testing units
across its fabrication facilities. Swagelok has also developed pneumatic test cases
that allow APA’s technicians to pressure-test small sections of pipe in the field,
saving considerable time and cost where workshop services can be avoided.

“We’ve experienced record growth
in recent years, and I have to take
my hat off to Travis. With all the
changes, our part numbering systems
have become difficult, but he’s been
proactive in helping us align our
material numbers with Swagelok’s
part numbers. They’re always in line
with what we need and take the time
to do the research, which makes my
job much easier and easier
for my guys too.
“And in a lot of cases, rather than
getting a bill of materials for 14
individual components, there’s a
single part number that’s standard
detail for a particular piping metric,
so that item can just be ordered from
Swagelok, and it comes assembled.
“Swagelok has even put up
identification charts with our part
numbers and their part numbers,
so my guys can physically see what
they need, identify it, and they’ve
got the numbers straight away.”
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Chapter 3

DRIVING COSTS DOWN
The installed cost of a fluid system is just one aspect of its total expense—
proper planning and attention to detail can eliminate unexpected spending
over time. Swagelok gives suggestions for controlling the cost of installed
systems, leakage, and corrosion.
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SMALL BORE TUBING
EQUALS BIG SAVINGS
CUT LABOUR COST AS MUCH AS 66 PERCENT
COMPARED TO INSTALLING A PIPE SYSTEM

The complexities of an oil and gas operation, onshore or offshore, are virtually limitless. There
are numerous ancillary and utility functions that keep a rig or facility running smoothly. Lube and
pneumatic systems. Process control. Pumps and compressors. Purge systems. The list goes on.
Minimising repairs in these applications is a priority for all companies. Today, most take advantage of
tubing systems in applications 12 mm (1/2-inch) diameter and under, but in applications ranging from
19 to 50 mm (¾-inch to 2-inches), pipe continues to be the traditional choice.
Tradition, however, comes with added costs. In many cases, it’s a savings opportunity that is
unknown and goes unexplored.
How do tubing and pipe differ? Where are the hidden expenses? And how can small bore tubing
offer a significant advantage over the life of an application?

Chapter 3 · SMALL BORE TUBING EQUALS BIG SAVINGS
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Leakage and Profit Loss

The problems with working with pipe
Pipe and tubing systems both perform the basic function of
transferring a fluid from one point to another. But the differences
in installation, maintenance, and performance are stark.
First, consider the components themselves: Pipe is much thicker
than tube of the same inside diameter. Both contain pressure equally
well, but pipe is thicker simply to provide enough material for threads
to be cut.
Wall thickness needed
to contain pressure
Wall thickness
of pipe that
must be used

All of this is preliminary to actual installation: Assembling pipe
requires initial cuts of the pipe, de-burring, then cutting threads,
followed by fitting the sections together. And at any time a line must
change direction, a new fitting must be introduced to the system.
In tight spaces, this can add considerable time to the job—not to
mention that each new fitting becomes a new potential leak point.
Every complexity can equal hours of extra labour, immediately or
over time.
Small bore tubing—that is, tube with an outside diameter (OD) of
less than or equal to 50 mm (2”)—can overcome these inefficiencies.
Tubing offers a much more efficient strength-to-weight ratio than
comparable pipe. And unlike pipe, the full wall thickness of small
bore tubing is used to contain pressure (no threads need to be cut).

Full wall thickness of tubing
is used to contain pressure

Tubing provides superior strength-to-weight ratio over pipe because threading is not required.

And in order for work to begin at all, a labourer must have all the
necessary materials at the ready—pipe stands, dies, cutting oils,
sealants, tapes and more—and possibly a weld permit. Welding also
requires hydrostatic testing and can introduce moisture into the system.

Lost fluids: It’s estimated that millions of litres of hydraulic oil
are lost each year to hydraulic systems just through leakage.
Machine damage: Loss of lubrication through leaking
systems can harm sensitive equipment.
Lost production: Leakage can halt operations while
repairs are performed.
Energy conservation: Significant power is used to
pressurise hydraulic systems and compress air.
Hazardous work environments: Leaking systems can
cause slip-and-fall or other accidents.

Extra pipe wall thickness
required for threading

Also consider the work associated with building or repairing pipe
systems: A labourer or installation team approaches the job in
question. First, they identify the series of twists and turns that must
be accomplished; each of these bends comes with a new joint in
the system, which means threading, cutting and fitting, or welding
in other cases.

Leakage is a costly problem that every
oil and gas operator should seek to
minimise. What are the consequences?

The pipe assembly (left) includes five fittings and 11 potential leak points—compared to just
two fittings and four leak paths when using tubing.

The labour associated with tubing is also significantly less, requiring
fewer considerations. Further, there is no need for oils, sealants, dies,
complicated equipment, or fire boxes.
Tubing must be cut and de-burred, but the similarities end there.
Directional changes are made by simple bending. This eliminates the
need for extra fittings while also eliminating system turbulence and
pressure drop points.
And because welding is not required, tubing systems are ideally
suited to hazardous areas and confined or hard-to-access spaces.

Chapter 3 · SMALL BORE TUBING EQUALS BIG SAVINGS
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The price of performance
It’s true that small bore tubing is more expensive than pipe,
but price can be deceiving.
Consider again the extra expense of working with pipe, and that
tubing takes a fraction of the time to install. The savings can add up
quickly, as illustrated in the table below:
Time and Cost Comparison
Cost
Socket
Welding
6,160
Hours
70.00/hr.
Labour
$431,200 AUD
Total

Small Bore Tubing and
Mechanical Grip Fitting
2,060
70.00/hr.
$144,200 AUD

Savings
Labour Cost Savings
Time Savings

$287,000 AUD 66%
4,100 hrs.
66%

This is particularly true in brand-new installations. New construction
brings the opportunity to take advantage of better technologies—and
keeping to schedule can mean the difference between coming in
under budget or racing past it. Small bore tubing systems offer a
way to massively reduce installation hours.
Tubing also offers simplicity and cost-effectiveness over pipe. A tubing
system is inherently more efficient due to minimised pressure loss,
greater vibration resistance, and less susceptibility to leaks.

• Training: Thorough, appropriate training for your installers will ensure
that your new small bore application will be installed and maintained
correctly, with the proper techniques and accounting for all necessary
safety precautions.
• Tools: Some specialised tools, such as a tube bender, are required
for correct installation.
 he total system: Tubing, fittings, and tools must be designed to work
• T
together to ensure a reliable, leak-free, low-maintenance system.

Getting started with small bore
Small bore tubing offers simplicity, cost-effectiveness, and superior
performance over pipe—but only when installed by an individual
with the knowledge to do so correctly.
Installers must understand the right methodology and use the right
equipment to ensure a successful system. Properly handling tubing,
the correct methods for bending and routing a line, and how to
install fittings in the approved manner are all of critical importance.

Table compares a compressed air and nitrogen system as installed with Swagelok small bore tubing
and mechanical fittings. The customer sought to reduce labour, provide better flows and minimise
pressure drop while maintaining an easily modified system for future expansions.

When considering tubing, also keep in mind:

The final point is an important one. Mixing and matching
tube and fittings, valves, and more from a number of different
suppliers is not a best practice. When installing a system, it’s
best to standardise your inventory as much as possible—source
critical components from a single manufacturer, thus ensuring
the parts have been specifically engineered to work together.
Small bore tubing systems can create cost savings in many
places where there is pipe presently, and Swagelok has a
proven track record of providing complete systems and the
requisite training. Ask your local expert to help identify areas
for improvement in your operation.

SIMPLE 3-STEP INSTALLATION
Swagelok Small Bore Tube Fittings

Step 1
Pre-swage the Swagelok nut and ferrules
onto the tube using a hydraulic swaging unit

Step 2
Align and insert the tube into the
Swagelok fitting

Step 3
Turn the nut hand-tight, then tighten
one-half turn with a wrench
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CORROSION: PERVASIVE,
PROBLEMATIC, PREVENTABLE
DAMAGE TO UNCHECKED CORROSION ON TUBING SYSTEMS
IS A LEADING CAUSE OF DOLLAR LOSS—GREATER AWARENESS
CAN SAVE BILLIONS

Corrosion—the deterioration of engineering materials, most commonly metals, by chemical interaction
with their environment—is an extraordinarily costly problem. It’s estimated by Curtin University
that corrosion may cost the Australian economy more than $30 billion AUD each year. Further, the
Curtin Corrosion Engineering Industry Centre estimates that $8 billion AUD of that annual damage
is preventable—if only companies knew what to look for and took simple prevention measures.
Just about every metal used to build our world corrodes—but only under certain circumstances.
There are steps to prevent corrosion in oil and gas applications, particularly offshore, and
these require a fundamental understanding of corrosion and what causes it. A working ability
among equipment and system operators to visually identify corrosion before it causes a bigger
problem—and the ability to know where to look for hidden corrosion—can minimise risks on
rigs and in refineries, saving significant time and money in many cases.
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Identifying Common Types of Corrosion
Stainless steel tubing is one of many areas where corrosion
prevention can make a difference. Tubing systems are used for
process and analytical instrumentation, hydraulic lines, and control
and utility applications. The mechanical failure associated with
corrosion—the escape of fluid or chemicals from tubing—can result
in an unsafe work environment, the release of harmful emissions,
and in worst case scenarios, a situation that leads to a catastrophic
system failure. Primarily, two forms of “localised” corrosion affect
stainless steel tubing: pitting and crevice corrosion.
Pitting Corrosion
Pitting of a metal occurs when its protective
layer, e.g., a thin chromium-rich oxide film on
stainless steels and nickel alloys, breaks down,
allowing the exposed metal atoms to give up
their electrons easily, resulting in corrosion. This
electrochemical reaction initiates the formation
of tiny “pits.” Corrosion products accumulate
in the pits, leading to conditions which cause
these pits to grow deeper, eventually even
penetrating a tube wall entirely.
Pits can also facilitate the initiation of cracks in stressed components.
Environments with higher chloride concentrations, including those
created by evaporation of water from deposited salt water droplets,
are more prone to cause pitting corrosion, especially at higher
temperatures, as these conditions help break down the protective oxide
film. When monitoring for corrosion, one looks for reddish brown iron
oxide deposits and for pits which may have formed in a metal surface.

Crevice corrosion readily occurs on
stainless steel tubing where it is in intimate
contact with a tube clamp. When seawater
diffuses into a crevice, its interaction with
a metal surface can lead to a chemically
aggressive environment within this crevice.
Particularly corrosive solutions form in very
tight crevices where corrosion-causing ions
cannot readily diffuse out of the crevice. In
such a scenario, the entire surface within
the crevice can corrode at a fast pace. Crevice corrosion of tubing can
only be observed visually when a tubing clamp is removed from the
installed tubing. It is important to remember that crevice corrosion can
occur at lower temperatures than pitting corrosion.
In addition to localised forms of corrosion, other types of corrosion can
become problematic for oil and gas operations. These include galvanic
corrosion and stress corrosion cracking.
Galvanic Corrosion
Galvanic corrosion occurs when two dissimilar metals come into
contact with each other in the presence of an electrolyte, an
electrically conducting fluid such as seawater or wet deposits
thereof. In practice, galvanic corrosion leads to pitting and material
loss of the less noble of the two metals. The compatibility of
different metals and alloys can be readily assessed from their
position in the electrochemical series of metals in seawater
(see: l-36.com/corrosion.php). Generally speaking, the
risk of galvanic corrosion is typically small if the difference in
electrochemical potential between the two metals in contact
does not exceed 0.2 volts.

Crevice Corrosion

Stress Corrosion Cracking

Similarly, crevice corrosion is initiated with the breakdown of the
protective oxide film and continues with the formation of shallow pits.
Rather than occurring in plain sight, crevice corrosion—as its name
implies—occurs in crevices, i.e., on a metal surface which is in intimate
contact with another surface.

In a marine environment, certain alloys are susceptible to chloride-ion
induced stress corrosion cracking (SCC). The chloride ion interacts
chemically with the material at a location of localised tensile stress,
e.g., the very tip of a crack where tensile stresses are highest, making it

easier for the crack to propagate. This failure
mode is dangerous because it can destroy
a component at stress levels below the yield
strength of an alloy. While in progress, this
failure mode can be difficult to detect, and
final failure can occur suddenly.
In order for SCC to occur, three conditions
must be met simultaneously: the material
must be susceptible to SCC; the fluid must
be capable of inducing SCC; and a tensile
stress must be present that is greater than
a critical tensile stress. The prevailing tensile
stress is the sum of the applied tensile stress and any residual tensile
stresses that may be present as a result of cold forming, welding, heat
treatment, machining, or grinding.
Some alloys are considerably more prone to SCC than others. Nickel
content of the alloy plays a major role in resistance to SCC. Austenitic
stainless steels like 304 with 8–10% nickel and 316 with 10–14%
nickel, are particularly susceptible. Three groups of materials are
highly resistant to SCC: carbon steels, nickel-based alloys, and duplex
stainless steels.

Corrosion Prevention
Corrosion can, in many circumstances, be minimised by upskilling
workforces with a basic knowledge:
Material Selection. First, consider the choice of materials for tubing
applications, from the tubing to tube supports and tube clamps. 316
stainless steel tubing works well in many installations so long as it is
kept clean and temperatures are not excessively high. In hot climates,
especially in locations where salt deposits readily form and cannot
be washed off, and also in installations where rust from carbon steel
structural beams and floors accumulate on stainless steel surfaces,
corrosion of 316 stainless tubing is more readily observed.
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For these situations, tubing from superaustenitic or superduplex
stainless steel offers much better corrosion resistance. The higher
yield and tensile strength of superduplex stainless steel also make it
easier to build systems that must be rated to a high maximum allowed
working pressure (MAWP). Regarding tubing installation, the use of tube
support strips should be avoided because the relatively large crevice
contact area makes it easier for a corrosive crevice solution to form.
The industry is now moving more towards the use of tubing clamps
with a design based on minimising clamp-to-tubing contact, which also
facilitates visual inspection of tubing.
Placement and Design. Careful system design practices are
necessary in corrosion prevention for two reasons: minimising
locations where crevice corrosion can occur and minimising the
contact of non-compatible metals susceptible to galvanic corrosion.
One way to minimise crevices in a tube system is to avoid placing
tubing directly against walls or against each other. When crevice
corrosion of 316 tubing is observed, one can replace 316 tubing
with more corrosion-resistant tubing, which can be installed with
cost-effective 316 tube fittings. Swagelok offers several engineered
combinations of 316 tube fittings with tubing from different alloys.

Training and Corrosion Programs
Beyond these simple measures, a best-in-class approach involves
in-depth training and the implementation of a regular and robust
corrosion-monitoring program. Swagelok educates its customers about
corrosion because classroom learning and hands-on experience can
be invaluable for operators and technicians. And while it’s common for
a company to employ a corrosion expert, it’s just as common that such
knowledge is not distributed widely throughout the operation. Building
a basic understanding of corrosion—what it looks like, where it occurs,
and for what reasons—among those who work with tubing systems
every day can prevent all manner of problems. Start saving by taking a
closer look at your fluid systems—especially where it’s hard to see.

The Simple Science of Corrosion
316 stainless steel has worked best in installations where it has been kept clean.
Various forms of contamination have been found to contribute to the initiation
of corrosion:

What exactly is corrosion? Most engineered metals used in oil
and gas applications are obtained from ores or other natural
compounds, which we expend extraordinary amounts of energy
to transform to their finished state, e.g., stainless steel. Corrosion
occurs when these metals lose that energy and go back to a more
stable state, such as when they were first obtained from the earth.

• Chloride, sulphate, or bromide ions present in seawater;
• Contamination

from iron particles generated by welding
and grinding activities;

Stainless steels commonly contain a sufficient amount of chromium
to form a protective oxide layer, which greatly reduces the natural
tendency for corrosion to occur; corrosion does occur, however,
when environmental conditions cause that layer to break down.

• Surface deposits from handling, drilling, and blasting;
• Sulfur-rich diesel exhaust.

+

Water

Oxygen
The process looks like this:
When combined with water and
oxygen—found in most natural
environments—iron and steel
form hydrated iron oxides (rust).
Through the formation of rust, the
metal atom loses one or more
of its electrons and leaves the
bulk metal behind. The resulting
loss of material reduces the
thickness of the carbon
and low alloy steels, which
are affected by general
corrosion, making them
prone to mechanical failure.

Rust

hydrated iron oxides

Protective layer
chromium oxide

Thickness loss

MOST ENGINEERED
METALS

STAINLESS STEEL
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QUALITY INVESTMENTS
Most fluid systems are complex, costly investments. Optimising processes
and personnel is key to making operations even more productive. Swagelok
explores ideas for upskilling the workforce and improving the reliability and
accuracy of sample systems.
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DON’T PASS ON THIS
SAVINGS OPPORTUNITY

IMPROVE PROCESS ANALYSER SAMPLING SYSTEM (PASS)
ACCURACY BY IMPROVING TRAINING AND EDUCATION
It takes a good fluid sampling system to make a process analyser
reliable. Inaccurate results are often due to a problem with the
sampling system itself, not the analyser. Unfortunately, sampling
system mistakes are always costly, sometimes dangerous—and
often go undetected.

Technicians, engineers, and chemists have long struggled to get
optimal, repeatable performance from their process analysers.
Those in charge of designing and managing these systems must be
highly trained and experienced, but, incredibly, few colleges and
universities offer sampling system design in their curricula.
Having personnel on-site who can determine if a problem is being
caused by an analyser or by the sampling system can take the
guesswork and rework out of routine operation and maintenance,
meaning greater accuracy in analytical instrumentation and
significant cost savings for companies.

Know your sampling system
Swagelok has serviced the process analyser market for more than
60 years, addressing all types of challenges in industries around
the world, including Australia’s surging LNG export business.
Experience has taught Swagelok that understanding the design
behind a sampling system is the key to detecting and correcting
problems before they become costly.
“Sampling systems are considered
complicated, requiring a bit of wizardry, but
it’s not true,” says Mike Frost, Regional Field
Engineer for Swagelok Australia. “It’s not
difficult to effectively engineer a system, but
you don’t know what you don’t know.”
A typical scenario, Frost explains, might see
an apprentice electrician enter a refinery plant
and practise his or her trade for several years
before moving to instrumentation where he or she learns about
pressure, temperature, level, and flow. This same person might
join the quality measurement team shortly after, before returning
to instrumentation again.
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9 Bullets to Troubleshoot Your Process Analyser
“Essentially, each technician becomes a product of where they grew up and what they
experienced, but that learning can be incomplete or inconsistent,” cautions Frost. “So you
create a situation, for example, where modifications have been made to a system by different
techs over enough time.

“Why can’t I remove (or revaporise)
the liquid condensate in my gas
sample?”

It’s because the sample has
already fractionated and the
gas analysis has changed.

“Eventually systems do not look—or function—as they were first built. As a QMI professional,
the expectation is to know the analyser, and the basic chemistry in the plant, but a deeper
understanding of sampling systems and subsystems is not required, typically.

“My filter blocks often, so should
I be using a bigger filter?”

“It’s this gap in knowledge that can be harming your operation more than you think.”

Know your process conditions
Maintaining timely, representative and compatible samples is no easy task, particularly
where operations are complex or experienced personnel are in short supply. To make things
easier, companies should consider improving their training procedures around sampling
system design, operation, and maintenance, advises Frost:
“Does your sample represent closely enough what’s going on in the process so that you can
use that information to control the process? Do you know—is the fluid compatible with the
analyser system? Is it too hot? Are the pressures too high? Is your sample already fractionated
or carrying anything with it that could damage the system?
“Understanding these issues—that is, the upstream processes and what’s actually
happening there—is the key to maintaining a signal and a time that allows you to
effectively control the process. After all, rubbish in is rubbish out. The better systems are
engineered, the simpler they are, the easier it is to troubleshoot them and the more reliable
your results will be.”

Need High Res
Tony Waters is widely
acknowledged as the leading expert
in the design of sampling systems.
His book, Industrial Sampling
Systems, captures the knowledge
acquired during a career of more
than 50 years of practical experience
with Industrial Process Analysers.
Waters tackles nine of the
most common questions
he’s encountered:

Yes, a bigger filter will last
longer, but it may cause an
unacceptable time delay.
“Why is excessive time delay
such a common problem with
sampling systems?”

It’s a common problem as
time delay is invisible. An
analyser that is ‘99% reliable’
may be reliably measuring
what happened yesterday!
“Should I use a probe?”

Most of the time, yes.
A probe can exclude some
of the solids or liquids in the
process fluid, and provide a
faster response to process
change.
“What is the best size of tube or pipe
for the sample transport lines?”

The best size is the one that
provides the desired speed,
turbulent flow and reasonable
pressure drop, without having
an excessive flow rate.

“Is there software to design
sampling systems?”

Software is useless if you
don’t know what you’re doing.
“What pore size of sintered stainless
steel filter is best to protect an
analyser?”

Any one you like. They all
stop the same size particles!
“What’s a key difference between
the system design for a filter and
for a coalescer?”

The key difference is you can
have a fast bypass flow from
a filter, but the coalescer
bypass flow must be slow.
“What is the most common mistake
that people make with analyser
sampling systems?”

The most common mistake is
choosing the lowest bidder
without having a clear
specification of what is
to be provided.
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Swagelok Australia is proud to be a valuable
resource for those who are charged with the
critical responsibility of designing, installing,
and maintaining process analyser systems.
Swagelok prepares analytical instrumentation
professionals to catch mistakes before they
happen and recognise common problems in
sampling systems.
Process Analyser Sampling System/Subsystem
(PASS) and Sample System Problem Solving
and Maintenance (SSM) training instructs on
fundamental and advanced practices in design,
operation, and maintenance—empowering
professionals to plan more accurately and
maintain more carefully, with minimal error
and greater system integrity.
These courses are for anyone involved in the
design, building, operation, or maintenance of
process analyser sampling systems.

Seek expert instruction
With ongoing training and education, companies can avoid costly mistakes
and common design flaws in sampling systems. Often the answer is to adopt
formulas, calculations, and engineering principles in place of approximations
or past approaches (“doing what we’ve always done”).
Swagelok recommends a curriculum that teaches technicians to tell the
difference between analyser and system problems, including but not limited
to the core principles of sampling systems, evaluation of transport lines,
location of sampling taps, preconditioning the sample, controlling flow and
pressure, and sample isolation and switching.
The reality in most industries is that there are thousands of poorly designed
sampling systems already in the field, and new ones are installed every day.
For oil and gas producers especially, this should signal the need for real change.
“Take, for example, a company that’s going through and turning on a new
processing plant,” says Frost. “There’s no time to stop and figure out
problems if an analyser isn’t performing, so what happens is that part of the
process goes on manual operation from day one.

Swagelok’s local technical experts
help oil and gas producers throughout
Australia develop and optimise their
fluid systems every day.

“In fact, some analysers never get used at all. If the information coming out
of it is skewed, it’s either parked or considered a ‘bad actor’ and pushed
down a list of higher priorities where the problem is known.
“While all companies build some inefficiency into their expectations,
naturally you want to optimise plant output from the start, particularly
where success is measured in tons per day.
“One solution is to make your process analysers more reliable, and that
starts with building better sampling systems.”
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10 TIPS TO IMPROVE SAMPLING SYSTEMS
1. Check for simple errors.
You can improve the reliability of your analysers by
auditing and then eliminating simple mistakes from your
sample system installations, such as reversed check
valves blocking your sample flow or a fast loop flowing
backwards. These are easy to find and remedy.

2. Reduce gas volume upstream.
High-pressure gas can ruin a well-designed
sampling system by causing condensation in
the lines and excessive time delay due to gas
compressibility. Furthermore, high-pressure gas
can cause a safety concern due to the rapid
decompression in the event of a component failure.
It’s best to reduce the pressure of a gas as soon as possible by
minimising the sample system volume on the upstream side
of a regulator.

4. Pay attention to system surfaces.
When sample fluid touches a surface, a few molecules
stick. Loss of molecules due to adsorption can spoil
your sample. Pick the proper materials for filter elements,
regulator diaphragms, tube walls, or gas cylinders. Also
consider the ambient environment. For instance, 316SS
tubing can be damaged by the chlorine in seawater. Other tubing can
become brittle with UV exposure.

5. Use compatible elastomer seals.
Material that is mismatched to your sample fluid
may cause a failure like sample leakage, or even
a blockage within the sampling device, leading
to less accurate analysis.

Liquid samples are the opposite of gas samples.
Letting the pressure drop may release a dissolved
gas, thus causing the liquid to bubble or foam.
It’s best to keep the pressure of a liquid sample
as high as possible.

A common problem, dead legs—or unpurged
volume—allow molecules to diffuse into the sample,
causing a slow analyser response and continuous
contamination of your system.

8. Keep vaporisers cooler.
A hot vaporiser body could boil the incoming sample,
causing it to fractionate. Make sure you understand
the temperature requirements of the chemicals in
your system and appropriate equipment settings
to prevent errors.

9. Speed your sample flow.
6. Avoid sampling from stagnant lines.

3. Put pressure on liquid samples.

7. Look
	
for dead legs in
your sample transport line.

For a representative sample, make sure you’re
sampling from an active process line. Remember that
the timeliness of your sample is also dependent on the
time it takes the sample to flow from the process to the
extraction point. The location of the sample point can
be a critical aspect of a successful sampling system.

The slower your sample flow, the more viscous drag
is placed on the interior wall of your tubing, causing
solids to form. A faster flow is recommended for
good sample mixing, cleaner sample lines, and
faster response time.

10. Identify the causes of time delay.
If your measurement does not follow your process, you
have time delay in your system. Other symptoms are
blurred or muted response, laboratory disagreement,
and poor performance of a control scheme.
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APPEALING TO YOUNG PROFESSIONALS
While winning over tomorrow’s workforce isn’t easy, organisations across
the world are still finding success. One of the most effective practices is to
engage students early on to build interest in science-, technology-,
and engineering-related fields.
Consider how Swagelok supports education at home, for instance. Since
2011, a charitable trust named in honour of Swagelok Company founder Fred
A. Lennon has given the University of Akron (located not far from Swagelok’s
Solon, Ohio headquarters) millions of dollars to support student scholarships
and, most recently, to open the newly renovated Swagelok Career Center in the
university’s College of Engineering.
The donations have been used to add three interview rooms and a
conference room to the facility, which provides space for students to
meet with company recruiters and has video conferencing capabilities to
accommodate interviews when campus visits aren’t possible. The Center
also offers space for students to collaborate on projects and receive tutoring.
The new Center is also helping
Swagelok stay in tune with the
aspirations of young people
interested in a rewarding
career in engineering.

A number of multinational oil and gas companies are also giving students the
chance to gain practical experience while they are still in school or as soon as
their careers begin. For instance:
• M
 arathon strongly promotes its internship and co-op programmes,
and hires many candidates for full-time positions upon graduation
• Phillips 66 also supports soon-to-be pros with internships and technical
college partnerships through its Phillips 66 On Campus programme
• Shell offers internships spanning 12 weeks to 16 months, and promotes
the Shell Graduate Programme to hone the abilities of new hires
• Chevron presents students and graduates with a number of
opportunities to gain real-world experience through internships,
undergraduate/graduate development programmes, and more
• ExxonMobil allows students to search for opportunities—from internships
to workshops to entry-level positions—all across the world1
It is important to create opportunities for professional growth and development
within your company as well. Continued training and education can be
attractive to science and engineering graduates who tend to be lifetime learners.
On-the-job instruction—including expert-led seminars and hands-on
workshops—has been shown to bridge skill gaps, elevate productivity,
improve job satisfaction, result in fewer errors, and help employees work safer
and smarter.

“Investing in student development goes far beyond ensuring that students
have exceptional technical skills, but also a strong foundation in teamwork
and collaboration,” said Arthur F. Anton, president and CEO of Swagelok.
“We are proud to support graduate engineers who are able to make an
immediate impact to their employers.”

Beyond training, consider how job rotations, international assignments
and opportunities for fast advancement might also be of interest to a young
person choosing between prospective employers.
The clearer you can be in your communications with regard to expectations,
responsibilities, support systems, and exciting challenges within one’s career,
the higher the likelihood you can both attract and retain well-educated and
engaged entrants to the workforce.

Swagelok Delivers Consistency
at Every Connection
Swagelok supplied BOC with an orbital welder
for tube work used in the construction of a
laboratory for an LNG plant in Onslow.

”

”

The consistency across more than 400 welds was
sensational. Our client has been particularly pleased with
the quality of the work produced, and BOC will certainly
look to use the Swagelok welder on future projects.

Swagelok also offered excellent service and support,
meeting our requirements throughout our time on-site.

”

—Alex Males, Project Engineer, BOC Limited
1. “Opportunities Abound for Millennials in Refining.” Downstream Today. 2015.
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SWAGELOK AUSTRALIA PRODUCT
AND SERVICE OFFERINGS
Are you drilling for or producing oil and gas? Are you refining oil or liquefying gas?
Swagelok Australia can help with all your fluid management responsibilities—onshore and offshore and
from East to West—with high-quality products and expert services that enable our customers to operate
more productively, efficiently, and safely.

Click below to browse our PRODUCT catalogue
Fittings

Valves

Hoses
and Flexible
Tubing

Regulators

Measurement
Devices

Tubing
and Tube
Accessories

Medium and
High Pressure
Products

Filters

Sample
Cylinders

Miniature
Modular
Systems

Quick
Connects

Pre-Engineered
Subsystems

Welding
System

Leak Detectors,
Lubricants,
Sealants

Swagelok Western Australia

Click a map to browse our SERVICE offerings

Site Services/
Field Engineering

Custom
Solutions

Purchasing/
Procurement/
eBusiness

Swagelok Eastern Australia

Training and
Education

Get Connected

Get Connected
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LOCATE YOUR
LOCAL SALES AND
SERVICE CENTRE
From Perth to New Plymouth, Queensland to Darwin,
upstream, midstream, and downstream, Swagelok services
customers throughout Eastern and Western Australia,
South Australia, the Northern Territory, and in New Zealand,
Papua New Guinea, and New Caledonia.
Onshore or offshore, you’re never far from an authorised
Swagelok Sales and Service Centre, and the professionals
who understand that a fluid operation is the result of
real systems training, education, and expertise.

Swagelok Western Australia
perth.swagelok.com
sales@swagelokWA.com.au
(08) 9331 1111
Western Australia

(08) 8369 0899
South Australia

(08) 8369 0899
Northern Territory

Swagelok Eastern Australia
ea.swagelok.com
sales@swagelokES.com.au
(03) 9303 2100
Victoria

(07) 3632 0800
Queensland

(02) 9526 6155
New South Wales

Swagelok New Zealand
nz.swagelok.com
sales@swagelok.co.nz
(09) 273 2720
Auckland

Swagelok Western Australia

Swagelok Eastern Australia

Swagelok New Zealand

perth.swagelok.com
sales@swagelokWA.com.au

ea.swagelok.com
sales@swagelokES.com.au

nz.swagelok.com
sales@swagelok.co.nz

(08) 9331 1111

(03) 9303 2100

(09) 273 2720

(08) 8369 0899

(07) 3632 0800

(08) 8369 0899

(02) 9526 6155

Western Australia
South Australia

Northern Territory

Auckland

Victoria

Queensland

New South Wales

Swagelok Australia is engineered to keep you up and running. We work harder because the world’s toughest industry
demands only the best. If the fluid systems in your oil and gas environment are becoming a source of cost and
concern, we can help with the right products, the right recommendations, and the right people at the right time.
Give yourself an advantage—you can be sure it’s done right with Swagelok.
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